Morphological, structural and developmental features of fruits and seeds of Mammea americana L. are here studied, with the purpose to give a proper classification of their fruit and embryo type and to contribute to future taxonomical and ecological studies. The fruit is a berry and the "rind" consists of the exocarp, represented by a periderm with lenticels, and by the parenchymatic mesocarp, with branched secretory ducts and vascular bundles. The edible pulpy is formed by the endocarp, destituted of secretory ducts, and derived from the activity of a ventral meristem, which emerges early in the fruit development. The inner endocarp cell layers undergo a radial elongation and become firmly attached to the testal outer layers. At maturation the endocarp may be released from the rest of the pericarp. The ovules are unitegmic and they turn into unitegmic and exalbuminous seeds. The multiseriate testa consists of thick-walled cells and sclerenchymatous fibers. This last features have carried out to a wrong interpretation that the fruit of this species is a drupe. The embryo is pseudo-conferruminate, with two massive foodstoring cotyledons, rich in starch, firmly attached.
INTRODUCTION
Mammea americana (Clusiaceae) is an arboreal species, native of Antilhas (Huber, 1904 (Huber, / 1906 Calzavara, 1970; Van Roosmalen, 1985) and has been cultivated in the north and northeast of Brazil dues to its fruit, which contains a yellowreddish, aromatic and edible pulp (Pio Corrêa, 1926; Rodrigues, 1989) .
Characters of fruits and seeds have been used in the delimitation of subfamilies and tribes of Clusiaceae (Engler, 1888; Engler & Keller, 1925; Melchior, 1964; Heywood, 1985) .The lack of embryological detailed researches of fruits and seeds in this family has generated doubts about the position of the species in the subfamilies. Mammea americana was included by Engler (1888) , by Engler & Keller (1925) and by Melchior (1964) in Calophylloideae, who described the fruit as a berry and the embryo with fleshy and united cotyledons. However, Heywood (1985) placed this species in the tribe Garcinieae (Clusioideae), characterized by a drupe-like fruit.
In view of the exposed, in the present study, the fruits and seeds in development of Mammea americana are here described in full detail, with the purpose to elucidate its fruit and embryo type, and therefore to help its correct positioning inside of the family.
MATERIAL AND METHODS
The botanical material used in the present work consisted of floral buds, flowers and fruits of Mammea americana L., in different development stages.
Studied material
Mammea americana L.: Brazil, São Luís, Maranhão, 2º32'S and 44º17'W, rural property, km 15, MA -201, col. K. S. M. Mourão 2, I. 1994, flowers, seedlings (HRCB 17420); col. K. S. M. Mourão 5, 26. I. 1996, flowers, seedlings (HUM 3448) .
The morphologic characters of the fruits and seeds were described and illustrated, starting from 50 units of fresh material, collected from five individuals. For the dimensions measurements (length and diameter) of the fruits and seeds, a pachymeter was used, and the fresh weight was obtained with a electronic scale. It was also determined the number of seeds per fruit. The arithmetic average and the deviation-pattern were calculated for each one of the obtained variables. The nomenclature to describe the fruits and seeds patterns was based in Radford et al. (1974) . The description of the fruit type was based in Spjut (1994) .
In the morphological and anatomical studies the material was fixed and conserved in FAA 50 % (Johansen, 1940) and Ethanol 70% (Jensen, 1962) , respectively. The anatomical description was made analyzing semi-permanent and permanent slides made with traverse and longitudinal sections of the pericarp and the seeds. The slides, the specific stains and reagents and the illustrations were made in agreement with methodology described by Mourão & Beltrati (1995a) . It was also used in the preparation of permanent slides material included in glycol methacrylate according to the technique described by Gerrits (1991). These microtome sections were stained with Toluidine Blue O (O 'Brien et al., 1965) and assembled in Permount. The terminology adopted to define the pericarp layers is in agreement with Roth (1977) and the nomenclature used in the seeds descriptions was that defined by Corner (1976) and modified by Schmid (1986) .
RESULTS

Fruit development
The superior ovary of Mammea americana is constituted by two carpels and two locules, with two ovules each and axile basal placentation (Figs.  1-3 ). The outer epidermis shows cubic cells with outer periclinal walls slightly thickened and cutinized. The ovarian mesophyll is pluriseriate and composed by fundamental parenchyma with cells of varied sizes. It is longitudinally traversed, except for the inner part that defines the locule, for a number of ramified schizogenous secretory ducts (Figs. 10, 16, 22, 23) . These ducts secrete a white-yellowish substance, rich in lipids and phenolic contents. Amphicribal and branched vascular bundles also traversed the ovarian mesophyll in all extension.
After the fertilization, all the floral whorls stays in the young fruit (1,5 cm x 1,5 cm), and occur gradually the corola abscission with the fruit development.
Figs. 1-9 -Mammea americana -General aspect, medium longitudinal and transversal sections, respectively, of the fruit development. 1-3 -Ovary. 4-6 -Young fruit (3,0 cm x 3,0 cm). 7-9 -Mature fruit (10,0 cm x 10,0 cm). (eb -embryo; ec -endocarp; eg -stigma; ex -exocarp; ie -inner epidermis; lo -locule; mp -mesocarp; oe -outer epidermis; om -ovarian mesophyll; ov -ovule; oy -ovary; sd -secretory duct; se -seed; vb -vascular bundle; ts -testa.)
The sepals and the stamens stay during a part of the development, standing out in the more developed fruit. The style persists for some time, remaining only part of it in the mature fruit (Figs. 4 and 7).
In this phase, the structure is basically the same of the ovary, having a small increase in the number of cellular layers and a larger differentiation of the area disproved of secretory ducts that delimits the locule. The uniseriate outer epidermis and the first subepidermical layers begin to arise the exocarp. The mesocarp, which derives of the ovarian mesophyll, stays parenchymatic. It is observed also, in the first outer subepidermical layers the occurrence of periclinals divisions and the exocarp starts to suberize (Fig. 11) . In this phase, the beginning of the seeds development is observed.
In the young fruit (3,0 cm x 3,0 cm), as well as in the completely developed, but still immature fruit (10,0 cm x 10,0 cm) the seeds are already developed, occupying all the locule . In these phases the exocarp is represented by two peridermics layers, where the phellogens and the cork are evident (Fig. 12 ) and lenticels are observed (Figs. 14 and 15). In the mature fruit, the most outer periderm is eliminated (Figs. 13 and 19) . As in the ovary, in the mesocarp occurs secretory ducts, more numerous and anastomosed, forming a net, and also, brunched vascular bundles (Figs. 5, 6 and 12) .
The endocarp is parenchymatic and derives from a ventral meristem, arised in the inner part of the ovarian mesophyll, and of the inner epidermis that delimits the locule. These layers are disproved of secretory ducts and show vascular bundles and cells with thin walls. Later, this cells undergo a radial elongation and with the seed development the endocarp make firmly attached to the fibrous testa (Figs. 16-18) .
The fruit is a spherical to oblate berry with brown coloration and very wrinkled surface (Fig.  7) . It measures 8,78 ± 1,08 cm of length per 9,78 ± 1,15 cm of diameter and presents 350, 22 g ± 120,81 g of weight of fresh matter. It contains one to four seeds per fruit (on the average 1,7 ± 0,98).
Figs. 10-15 -Mammea americana -Exocarp development. 10-11 -Ovary and Young fruit (1,5 cm x 1,5 cm) in crosssection, respectively. 12-13 -Young fruit (3,0 cm x 3,0 cm) in cross-section and mature fruit (10,0 cm x 10,0 cm) in longitudinal section, evidencing the periderm. 14-15 -Young fruit (3,0 cm x 3,0 cm) in longitudinal section, evidencing periderm and lenticel in formation and developed, respectively. (ex -exocarp; le -lenticel; mp -mesocarp; oe -outer epidermis; omovarian mesophyll; pr -periderm; sd -secretory duct; vb -vascular bundle.) The "rind" of the mature fruit is constituted by the exocarp, represented by the periderm, and by the mesocarp with branched secretory ducts and vascular bundles (Figs. 8, 9, 13, 19 and 20) . The region where occur the separation of the "rind" of the remaining pericarp can be evidenced already in the ovarian mesophyll, among the outer region with secretory ducts and the inner disproved them (Figs. 16 and 20) . The endocarp, firmly attached to the fibrous testa (Figs. 17, 18 and 21) , becomes the yellowish and edible pulp, rich in sugars.
Seed development
The ovule of Mammea americana are anatropous and unitegmic. The only integument has about 26 layers of cells. The branched rapheal trace, when reaching the chalazal region emits postchalazal branches, which occur in the outer part of the integument (Figs. 24-28 ).
With the seed development, a clear increase in the number of vascular bundles occurs, which branches by the medium and outer region of the testa in all directions. Around the vascular bundles are observed slightly elongated cells with walls little thickened and in this phase still without lignin (Figs. 29 and 30) . Later, these cells will differ in sclerenchymatic fibers (Fig. 31) . The embryo in this initial stage is not still developed.
In the immature seed the inner layers of the testa becomes collapsed. The outer layers grow and emit deep projections in the endocarp. These projections make the testa firmly attached to the endocarp (Figs. 17, 18 and 31) . The embryo already occupies the whole seminal cavity.
The seeds are ellipsoids, have brown coloration and show a fibrous testa. The hillum and the micropyle are obscure in the fibrous integument (Fig. 32) . They show, on the average, 5,68 ± 0,67 cm of length per 4,35 ± 0,58 cm of diameter and 53,57 ± 17,75 g of the fresh matter weight.
The mature seed is exalbuminous, and the embryo, with white coloration, is ellipsoid and slightly curved. It is constituted basically by the two fused fleshy cotyledons, evidenced for a small depression externally (Fig. 33) . The suture that delimits them is more visible in sections (Figs. 32,  34 and 35) . The radicle-hypocotyl axis is not very differentiated and just appears as a small protuberance, below to the cotyledonar node (Figs. 32 and  33 ). The plumule is extremely reduced and completely covered by the united cotyledons, being visible, in longitudinal section, just as a conical protuberance, above to the cotyledons insertion (Fig. 34) .
The testa is constituted by parenchymatic cells with thickened walls and by elongated sclerenchymatic fibers, both with lignified walls. The fibers accompany the vascular bundles, which are branched in all directions. This feature check to the seed its fibrous external aspect (Figs. 18, 31 and 32 ). In the embryo, the protoderm consists of small and cubic cells and the fundamental meristem already appears differentiated in a parenchyma with large and poliedric cells, which contain starchy.
Branched secretory ducts and vascular bundles are distributed longitudinally in the cotyledonar parenchyma (Figs. 34 and 35 ). The substance secreted by the ducts shows lipids and phenolic contents. Idioblasts with these contents also occur in the cotyledonar parenchyma.
DISCUSSION
The structure of the ovary of Mammea americana resembles that of another species of Clusiaceae, mainly because of the occurrence of secretory structures, like ducts in the ovarian mesophyll and mesocarp. This characteristic is evident in P. insignis (Moronobeoideae) (Mourão & Beltrati, 1995a) , in Vismia guianensis (Aubl.) Choisy (Hypericoideae) (Mourão, 1997) and in the pericarp of all the species of Clusiaceae described by Corner (1976) . The definition of exo, meso and endocarp vary in agreement with each author. Most of the modern authors prefers to use the terms exo and endocarp in a wide sense, that includes respectively the external and internal epidermis and also some of the subepidermical tissues (Roth, 1977) . In agreement with Fahn (1990) , the separation of the pericarp in three distinct layers, makes easier the anatomical description, but they do not represent distinct layers according to their origin. In M. americana the exocarp arises from the outer epidermis and the first subepidermical layers of the ovarian mesophyll, which differentiate the periderm.
The endocarp development in Mammea americana resembles each that one described by Mourão & Beltrati (1995a) in Platonia insignis (Moronobeoideae), except for the absence of the ventral meristem in this last one. According to Roth (1977) the periderm formation in fruits is a relatively rare occurrence and usually associated to the secondary growth. The mature fruit can become eventually covered by a continuous layer of cork, originated of the activity of a phellogen. During the pericarp development of Mammea americana was observed until two peridermic layers with lenticels.
The anatomical characters of the pericarp of Mammea americana (Calophylloideae) are very similar to what was described by Cordemoy (1911) for Tsimatimia pervillei (Clusioideae -Garcinieae), by Sprecher (1919) for Garcinia mangostana (Clusioideae -Garcinieae) and by Mourão & Beltrati (1995a, b) for Platonia insignis (Moronobeoideae). Corner (1976) mentioned as characters of the Clusiaceae family the occurrence of anatropous and bitegmics ovules, pointing out that the vascular bundle in the ovule, either emits postchalazal branches or not.
However, in Mammea americana, the ovule are sharply unitegmic and the rapheal bundle when reaching the chalaza, branched by the whole outer region to the integument, until the proximity of the micorpyle. Postchalazals bundles were also observed in Platonia insignis (Moronobeoideae) by Mourão & Beltrati (1995a) . According to Johri & Ambegaokar (1984) the vascular supply of the ovule is variable, being quite developed in primitive families. The fruit and seed development in Mammea americana resembles that one presents in Calophyllum inophyllum (Calophlylloideae), described by Corner (1976) . According to this author, in Calophyllum the woody layer of the fruit frequently interpreted as being the endocarp (Vaughan, 1970; Stevens, 1974; Vogel, 1980; van Roosmalen, 1985 , Heywood, 1985 Spjut, 1994) constitutes the most external region of the testa. According to a recent fruit classification purpose to Barroso et al. (1999) the fruit of Mammea L. is included in the "drupóide-nuculânio" type. This fruit type according to these authors presents the pericarp layers clearly differentiated and the endocarp is lignified and constitutes several pyrenes.
The present study concluded that in Mammea americana, the yellow-reddish, fleshy and edible part of the fruit is constituted by the parenchymatic endocarp and the fibrous and lignified part is the seed integument. Therefore, the fruit of M. americana is a berry with mesotestal seed.
In the embryo classification purpose by Brandza (1908) and Guillaumin (1910) the embryo of M. americana is to the type III which characterizes the tribe Calophylleae. According to Martin (1946) embryo classification , the embryo of M. americana, occupies the totality of the seed volume being slightly curved. According to Barroso (1978) the embryo would be a pseudo-conferruminate type.
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